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*1<?H ^&& 0 1 7]& £3. (I(H)+I(L))/2^ #^-7} j&je.^ p>zl 
vfl^ ^^l^i D)lS.el(MRAM)7l- 7flA]^cf. a. wv^^l MRAM^r l£E] IS ^elH 

°1 ^ = tilne}^, zl^JL e^l^l H^^l ^1- ^ <Itr^ wfl^^ 

yl^5}ol ZZ5]J1 5}<y^] ja^^o]] <^^S]^ ^zlVilE] dJ)^ ^ofl 5.^1 ^c] 

7^5>J7 ( ^H^, ^2 ZIElJI C^B o^S}^ nj-j^j 

n "112.51 iH^l 5.^1 ^.-f ^« 7]§ *}ff- afl^Hr # 

-S-^M *U ^ *ll2 7l^ til^eKl ^l^-^-s] ti_Hl *fl^}^ 71^ ^ oa 

nj-ntilii T3))s.^ -i uflolE^ ^ ^R^ltf. 4^1- ^ Vt 3^ MRAM^l wl^^ 

t-^ gfligofl ^^01 (i(H)+I(L))/2Sl ^7} <y^^7fl 7l$ alHe}<y J: = 

71 nfl^ofl ^5.5} ^ sH wlHsl-^s] iT-i(H) lEfe iT-i(L) 411 
^ til ^^°14. 

s. 3 

MRAM, tilnel-^l 7l^ 1, f}ZLLilB5 ^ 
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i nfl 2. Hi {Magnetic random access memory for flowing constant(I(H)+I(L))/2) current ti 
reference cell without regard of bitline clamp voltage} 

£ 1^ ^efl^ MRAM°1] 

2^ £ 1^1 tilBH}-?] #^5. ^<?H ^ *R V & ^« M-eH^t H^tf. 
E 3 ^ a. o_^ Al aflofl xx\^ MRAM# M-Bfifl^ fgolc]-. 

£. 4fe S. 3^ 7)$ #ff- 

a. ^ o. pj-^vilii ufl (magnetic random access memory)^ ^rtr 

s-^l wlHHf^I #^ **«?H tf^SW 7l§ ^S. (I(H)+I(L))/2S] ^7} 

pj-rLLil^ ^] 2. el (magnetic random access memory: °l* r "MMM"^ 5} 

tr4)Tr ^IS-el ^]S.Ai, 4^7fl^ ^)2-Z) « 

MRAM-S- wl^H^o] icfli ^f- Afoiofl u^q-^ t^)^ 

18-4 
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(magnetoresistive) °l-§-44. 4^113 ^SLZ) 4^1 4441H8: 44# ^ 44 

444 4£}H 44 44 ^£44 ^4-1: 7>44. 44 4^°] ^-o.^ 'ii 
(parallel)" 4^4^ 5^3 "L"4 431« 4444. 44 alrflo^ 

"^4 (Anti-parallel)" 43143. ^5JI ^^AS "H"4 4^43 W4. 
<s> MRAM£ *}=L 1-1] El Pilfi-Sl 4°fl 34£ S3 H4 4*fl, 431^ 4^4 7}^ 4 

« 43! 44 7)^ 4°1144 44 47>44. 44 €4 7]^ ^s] 47]^n> *H 44 
44*11 44 447} 4^44. °1 441-1- 45 wl^H 43! ^s] ^-Efli- #4 

*}7fl €4. 44 4^ 7)^ 44 444 «l^>7l 444 444^4 £^7} 4^ 

Ml^ nflS-E] 4°] ja.^4. 7l§ 45^r (I(H)+I(L))/2S1 4^-7} s = ^ 

4fe 4°1 443°14. 

<9> £ 1^: MRAM°H 44 ^(VLSI 4] £4^-, 2002)4 5. 74 44^ -£4°-5, ^4 

3 4$ 4^(Mid-point Reference Generator)* 4*114 32Kb MRAM ^2-^1 444 4 
444. ^43 71$ 47 fl oj ^i^^oi 444*1 44. 34 44 
€ 4441h8: 4^ 34 444 47]^*J-4 igfs 444<H 443-2.5 !4Rmax+Rmin) 
44°1 44. ^431, ^43 3^ 444*J- 4£ *li=44 #^4 44(Vref) 

4 311H1 44 4i 444 ^ 44 dl, £ 24 ^efl^l- 4^H 4*344. £ 21- 
4^44, wjH44 #^ 44(VrefH 4 
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^£ ^ ^(Rmax) &4 ^± ^%KRmin) M *H-b 7l^ ^(VrefH 

ftS-tt ^ «fl^ ^^-(Rmax) &4 *HKRmin) *M 2.4 ^4. 

^, wlee|o] f-eHsi ^'o^ (Vref ) ^o.ig ^Rmax+Rmin) ^ 4°M^, «1H 

#^ ^SKVrefH ^r2^ 'XRmax+Rmin) Ti^cf. ofl 44 7} 

^ £4l-*Mr 'XRmax+Rmin) *H V SHM 4*1) 7l§ #tf(Vref *}*r 31, 

°1tt ^3 ^41- f^lH^ t ^ $13- €4 4H4°J #^^§ (clamping) #<3"i: 

<io> tilH^J #^ #&SH 4§ (I(H)+I(L))/24 ^7} *s 

MRAM°] -&^4. 

<n> ^ 4^4^ 7l§ ^s. (I(H)+l(L))/24 3 

^ * 4-3- ] 

<12> AV 7 ) fi.*^ ^§>7l 44^, £ ^4 MRAM-8" "11-2-3 ^ 4^H 1;^-, 7l§ v\] 

4^14 1:4, 7l§ 4ff- *H^-, ZLCjjl |iol £f £*V*V4. oflS^ o^eflol ^-4 

£ ^£5}^], ulB44, n^Ji 44H 444 ^4^1 ^ ^ 11-3. wfll4 ^aifl 
^ ^24 -tlrS. ^4^, 7l§ ^12.3 4314 4^44, afli ^ *fi2 4§ ^ 

H44, zl^jl 44 m 5^-010] ia^ofl ^ ^ts yfl<14 4^-4^ ^2. el HI- 5. 

^44- 7l§ ^2^ >i cHeflo] 41 7l§ 
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B£}°J1 p>ntfl^ n)]s.e| ^i-ofl 3.3 3.4. ^Efli- 7l§ 

-§-#*H 71$ uIHbKI ^^-1- afli *1^, 42 7]^ h]HbK1 

4 tilH^J -§-#*H *1l2 71 § *)B^9l *ll2 4 

v)e]q}, ^11 ^ ^12 71$ tils e]. o] avofl sfl^Hr 431 i <SHS ^ 

*Rr ^3 ^ £^4. ^5L?) ^}3Vil^ ^S5l ^ ^ 

He>o] olofloi^-Ai wlnef<y ^^-7> ^sq^ cfloiE| 2^1 4 7l$ ^7} 3^ 

£lfe 7l$ cflolE-l wlHBKl ^AS. ^Hrfe HlH^o] #^5. 

<i4> 4^H. £ MRAAHl sl*^ «lH5l-^ ^])^} ^&°] 7]$ ofl 

olEi 5}o]o. S (I(H)+I(L))/22l ^f^t ^Ifl^ n)l £ e| ^ #cj| 1l)-J=. t)]o]E-) ^9} 

iT-i(H) JE^r iT-i(L) ^*Rr cfl oj-^^olrf. 

<i5> £ 3^ ^ ^^Sl oj^AHHl uj-s. MRAM^r M^tt £^°14. MRAM(300)-8: *)l2.el 

oleflol 1-^(310), 71$ pflHel <H3H ^(320), ^^^1 ^^(330), ^*lH 
#^(340), wlB^/7l$ tflHeKl a] 1*^(350), 7l$ 
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^1^(360), tfleej-o] #^ s)S.(370) ^1^^^(380)1- £^3:4. v\)3.?) o] 

eflo] ^.5i-(3io)^ ^.E-e^WLO, WL1, WL2, WL3: #313 AS. "WL'^l^ 4^4 
°](BL0, BL1, BL2, BL3: ^^l^^S "BL"o]2}jl %lf-), zl^JI 4^1 (DLO, DL1, 

DL2, DL3: ^d^l^^ "DL"°14i ^)9\ 5l*HH ^-t ^ 11-5. 4^113 ^3.2] € 
°1 tiflls]^ $14. 7l§ xjflaEl o^jo] 1-^(320)^ ^S.4^1(WL)4 tilB4<y 
(RBL) , ZL^JL 4*1B. ^^(DL)^ 5L*HH ^ ^ <H-^ 4^1^ ^s.^ ^o] fl fl<g 
€4. *fll 7l§ tilH4^(RBL0)^l ^slfe 4^11^ ^lS-el €l-gr 5*] "H" *i 
#*>JL, *fl2 71$ «lHe)-S!(RBLlH <£13^ 4^il3 pflJEe] ^S-^r "I" 
*1#^4. 

<ie> $|S.eKl #^(330)^ $JhbK1#(WL) 44# ^!«<5fJl, ^&\if- 
(350)^ «1B4^1-1-(BL) ^ *}4# *}^4. 4^ #^(340)^ 4*lB 4^ 

l-(DL) s>41- Aliflsl-ji cl^lH 3HHID)4 £33:4. 

< 17 > 7]§ ^]^(360)^ 5L 4*11 7)§ v\)5-?) o)z])°) 

(320)5] *fli ^ ^12 7]§ alBB}<y(RBL0, RBL 1)4 *fll ifl*l *fl3 ^ 43 

(362, 364, 366)5. ^44. *fll ^ 43(363)fe ^1 4^4^ (RBL0)4 ^3 
JL wlHeKI ^(VREFH -g-#sH ^Qx]^ (361)3. i (H) ^i^-7> 

jreji o] ofl rtfe} B$4^ (362)5. i(H) £^7} jNg-4. *)U H^l^i (361)4 
all 2 (362)^1 ^fl^ 44(width)4 ^4(length)fe ^44. *l]2 #ff- 43 

(363)^ ^12 7l§ «lH4 < ?l(RBLl)i Sl^^U ±$s) 4B4<?1 ^(VREfW -g- 

*fl3 S^liEl (364) S. i(L) ^7} *a.ji ojofl 
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4^ 44 B€4 ^1(365)3. i(L) ^7} *fl3 B $4^1 (364)4 ^]4 B$*li 

El (365)31 ^ Mwl<2f z|ol^ ^-^e>4. ^13 ^1(369)^ *lj2 H«iEl(362)4 

*fl4 B^l^Ei (365)^1 Ai i(H)4 i(L)# ^^-(i(H)+i(L))7V *fl5 H^*]i 

Ei(367)5 5l€-4. *fl6 B^^1^B^(368)^ *fl5 H^li^ (367) £14 *fl^ u|Hl7l- #($ 
<=>! ^£4. o]ofl tt]-^ ^16 H$*l ^1(368)3. JL*L±r (i(H)+i(L))/27> 

<18> 7l§ *d^ ^1^(360)^1^1 *s^r (i(H)+i(L))/2 7l§ wlB^<?](RBL)# # 

7]^ CflolEi S}^]^ ^Jl 7]§ tflolEl 5}?lO S ^ UlB^^l 

sl£.(370HH wlH^J #fKiT)7> ^ ^7>^tf. 7)§ cflol 

El 4^5^ iT-(i(H)+i(L))/2 ^^-7]- Jisj7 |Aofls4|. o^^t}. *1^, P)]S.el 
eflol #^-(310)^>H 4^113 ^flS-el ^ HlHs}^^ ^ OH El <3 

1=14. ^l Kfl «1H^°J^.S. iLiife ^bh^ ^oE) ^ ^-Bflofl af5} i(H) 

^fe i(L) #ff-7l- *^cf. ZLEjJL cflolEl E]-<y o_Sfe WlBSl-o] 51^(370)^1^1 ^ 

^•51^ tilHsl-'?] ^d^-(iT)7> r-1 ^7>£M iT-i(H) iT-i(L) *dff-7> 

<19> ^<*H(380)^r tllo]E| E}o]4 7)^ c^lEl 4<yo.5. iLS^r #4 f^*} 

oc) A]Efl:g nfuvfl^ ufl£.El 4|o] Aj-Efl^ #^4. ol a)] 7l^ c-flojEl Z\o±<L^ 

^ iT-(i(H)+i(L))/2 ^S, ulB4*d ^(VREF)^ *fll ^ ^2 n] 

21(363, 366) vfl *fll ifl^l *U B^^liB|l-(361, 362, 364, 365)-§- ^-g^lfe ^ 
*i °]#°1^ £4. o]^ tilB4<el ^(VREFH 

1R-C) 
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B^A^]^ a-m ^l^S. *}7l*1$-Sl t£s* ?H #3r8H 7]§ 

^lB^sf 7]& ej-^ilS JULfe #^Kr AA (i(H)+i(L))/2^- 

iT-(i(H)+i(L))/2JL ?A^r 
<20> £ 5^ h]e^o] s]S(370)^ ^13^ s]S£t 

$-2i*}^, ^}BA9l s]S(370)^ ef^ 31 clH^ A9l^ 431^5. 

(380) A}oH <3^Tr t-fl. ^ ^«(3 72> 374)^-, H.hH*8 -^(376), H^Jl #ff- ^ 
^-(378)51 ^^4. ^ f^(372)^r cflolEi 3X1 olH«lj( feedback) £ 

c} tilBB}<?l ^«a-(VREF)4 =^01^(376)* ^HW". ^*H, 

B}o]# H]HS}<y # 0 J-(VREF) tmv\A ^o]^JL AjUJj^ ^ £\}o]B] & 

oil n}e} cflolE] e}ojiL3L i(H) Hi^r i(L) ^^-7> jLiMl ^rf. 
<2i> £ wlE5}o] ##(VREF) nfS S^U- IjS-SH 

cflolEi e^lo.^ o^^^i iT -(i(H)+i(L))/2^ £^7} *H.7fl ^4. ne^H 7^ 31 
o]Ei e}<^ iT-(i(H)+i(L))/2 Hli2^H tllo]Ei A°d^ iT-i(H) Hife iT-i(L) 3 
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<23> £ MRAM°1] hIHbKI 31 ^l ^m&°l 71 § cflo] 

Ei E^ilS (I(H)+I(L))/2^ ^f- iiflS-B] 4^ en^lBl eKl^ 

iT-i(H) iE^ iT-i(L) ^fHfr €^Hr til 
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11 

^JELBKl, tilne}^, neU H*HH1 ^1- * «11<1£ p>ii 

7l ti]Be]-0]0.5. 12^: ^9\- #7] 7l§ HlH2}^^ ^7] 7l§ #^1: H] 
2] 

^ii*oHi $a*H, ^71 71^ ^ *o*jmt 

afll 7l$ WlB^4 a^JI a o 1. 7 ] tilH^o] ^Ml -§-^H 7)11 

7]§ wlBe}«?] ^1- *el^ *H *dff- 

^"71 *fl2 71 § tilH2l- 0 d4 ^"71 tilH^d Td^ofl -g-^H ^1 2 7l 

A oM *]1 ^ ^12 71$ tilnelr^l «H Sfl^Kr ^# #7] ^ ofl Ss . 
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3] 

aflrSN 5^*1, #7l 7l$ i£E] ^ °HM 

4] 

tflo}^ 5}o]4 ^V 7 ] 71^ WlH^ ^i^-7> #^5)^ 7^ t]]o]^ elo]^. «] 

Be>o] ^ 0 J-^ ^Frfe «1H^^1 d| ^al*Rr ^ ^lo^ 
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